Introduction {#s1}
============

Preventing and treating child and adolescent obesity is essential for reducing cardiovascular disease (CVD) risk over the life course. An estimated 17% of U.S. children and adolescents are obese ([@B1]--[@B3]). Despite recent improvements in available CVD prevention and treatment ([@B4]), low-income African Americans experience excess CVD-related morbidity and mortality ([@B4], [@B5]). Excess obesity risk among low-income African-American children and adolescents contributes to disparities in lifetime CVD risk ([@B6], [@B7]). Furthermore, racial/ethnic and socioeconomic disparities in childhood obesity ([@B8], [@B9]) have not improved over the past decade ([@B10]), and may even be worsening ([@B11], [@B12]).

Lifestyle modifications aimed at weight loss and promoting healthy diet and physical activity (PA) behaviors are important for primary and secondary prevention of CVD and related morbidity in adults ([@B13], [@B14]) and adolescents ([@B15]). Parent and family involvement is important for preventing child and adolescent obesity and decreasing CVD risk over the life course. Parent and family involvement may also improve disease management outcomes among adults ([@B7], [@B13], [@B16], [@B17]). Yet, the potential for adult disease management interventions to achieve intergenerational benefits via family-level effects has not been extensively studied and may represent a missed opportunity to address CVD-outcome disparities and optimize primordial and primary prevention among high-risk youth.

Our overall goal was to investigate mechanisms by which adult disease management interventions may positively influence adolescent health behaviors. We did this by exploring the extent to which adults with uncontrolled hypertension (index patients) and their adolescent family members (adolescents) perceive *spillover* effects of participation in a blood pressure control disease management comparative effectiveness trial on adolescents\' diet and physical activity behaviors. *Spillover* is a well-developed concept in family psychology, describing the notion that participation in one domain (e.g., self-care) can affect participation in another domain (e.g., family) ([@B18]--[@B20]).

For example, a parent\'s role as a participant or index patient in a disease management intervention could produce *spillover* to the family domain and elicit behavior change among other family members, including children or adolescents. Qualitative research suggests that dietary behavior change among adults with diabetes can produce changes in children\'s diet ([@B21]) and sugar sweetened beverage intake ([@B22]). Other studies have found that weight loss and behavior change interventions targeting overweight parents can simultaneously produce improvements in diet and physical activity behaviors for their children ([@B23]--[@B25]).

Adolescence is a critical window for intervention, with elevated BMI in adolescence associated with increased risk of premature death and CVD in adulthood ([@B26]). Increases in BMI during transition from adolescence to adulthood have accelerated in recent decades, particularly for African-American females ([@B6]). Research suggests interventions to improve healthy diets among adolescents should target parental diet and the home food environment ([@B27], [@B28]). Given the important relationship of the home environment with adolescent obesity and CVD risk and the role of adult family members as agents of change ([@B29]), CVD risk reduction interventions solely targeting adults may represent missed opportunities to simultaneously address adolescent CVD and obesity risk.

This work highlights the importance of developing strategies for modifying adult-focused disease management interventions to achieve positive family-level effects ([@B30]). Yet, a review by Barr-Anderson and colleagues ([@B31]) examining family-focused PA, diet, and obesity interventions in African-American girls found that, despite face validity to family engagement, there is a lack of clear evidence regarding how family engagement can best be used to achieve significant decreases in obesity risk. In this study, we investigate potential mechanisms by which adult patients\' participation in a blood pressure control disease management intervention could produce *spillover* effects on the adolescent family members (adolescents) who live with them. We use guiding hypotheses grounded in existing research literature regarding mechanisms by which parental involvement has been shown to be an effective component of childhood obesity prevention and treatment interventions. Based on the existing literature, this qualitative study was developed with the guiding hypotheses that adult patients (index patients) would identify the following salient mechanisms for producing *spillover*: role modeling of healthy diet and physical activity behaviors, changes to the home food environment, changes in family meal preparation, and improvements in family functioning.

Methods {#s2}
=======

Study Sample/Population
-----------------------

This study was approved by the Johns Hopkins Medical Institutions Institutional Review Board. Adult patients with uncontrolled hypertension who participated in the Achieving Blood Pressure Control Together Study (ACT Study) comparative effectiveness trial were recruited to participate in an in-depth interview following completion of a 12-months follow-up questionnaire ([@B32]). The ACT Study tested the relative effectiveness of social and behavioral interventions to improve BP control among an urban, low-income African-American population in Baltimore. The intervention components were tailored and combined using principles of community based participatory research with the goal of improving their effectiveness and sustainability in the specified patient population. All three intervention arms involved blood pressure self-monitoring training plus the use of community health workers. One arm also involved a brief patient and family activation intervention known as "Do My Part." This intervention was delivered to patients one-on-one in the clinical setting and could have also included an adult family member if he/she was accompanying the index patient to a medical visit but did not involve child or adolescent family members. Another arm also involved an 8-week-long problem-solving intervention delivered to index patients in groups.

Index patients who indicated willingness to be contacted for future research were re-contacted to participate in in-depth interviews that were conducted at their home or in a private conference room at the primary care clinic where index patients received primary care services. Index patients were eligible if they: (1) had completed the 12-months follow-up questionnaire after participating in one of the three arms of the ACT Study and (2) lived with at least one adolescent family member age 12--17 years old who was also willing to be interviewed. Adolescent respondents were eligible if they were 12--17 years old, self-identified as African American, and lived in a household with an index patient participating in an in-depth interview. Index patients and adolescents were recruited, and all interviews were conducted between September and November 2015. Informed consent was obtained by all index patients and primary caregivers of adolescents. Adolescents provided assent prior to study participation as well. Adult index patients were remunerated fifty dollars and adolescent family members forty dollars for their study participation. Interviews were audio recorded and were conducted one-on-one and separately for index patients and adolescent family members.

Measures
--------

In-depth interview guides were developed for both index patient interviews and adolescent interviews. The interviews were conducted by trained staff. In-depth interviews focused on potential mechanisms by which ACT Study involvement might produce *spillover* effects on diet and PA behaviors among adolescents and whether family-level behavioral and environmental factors could mediate these effects. The major domains discussed included the general experience of ACT Study involvement, descriptions of the relationship between index patients and adolescent family members, role modeling of healthy diet and PA behaviors by index patients, and the influence of index patient participation in the ACT Study on family food environment, family meal preparation, and family functioning. The interviews were intended to explore the a priori hypotheses regarding mechanisms by which the ACT Study interventions were likely to produce spillover effects on adolescent family members\' health behaviors.

Table [1](#T1){ref-type="table"} presents some of the questions included in the index patient and adolescent interview guides to provide examples of the types of questions asked and the content covered in these interviews. Of note, interviewers probed as appropriate based on index patients\' and adolescents\' responses to glean the richest and most complete picture possible of the relationship of index patients\' participation in the ACT study and potential spillover effects on their adolescent family members\' health behaviors. The goal was to engage index patients and adolescents in a dialogue around the topics outlined in the interview guide. The specific questions asked varied by interview and were responsive to topics discussed by the index patient and adolescent respondents. Interviews were audio-recorded using a digital recording device. They were subsequently transcribed verbatim. Transcripts were cleaned and verified by a study staff member prior to analysis.

###### 

Example questions in ACT study index patient and adolescent interview guides.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Theme**   **Role modeling**                                                                                                                                                                        **Changes to the home food environment**                                                                                      **Changes in meal preparation**                                                                                     **Family functioning**
  ----------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Question    Sometimes we look to others for examples of how to make healthy choices about what we eat or how active we are. Who do you look to for examples about how to live a healthy lifestyle?   What kinds of foods are available in your home?\                                                                              What kinds of foods do you eat for meals like breakfast, lunch, and dinner?\                                        Have you noticed any changes in the way members of your family get along with one another since you/your family member participated in the ACT Study? If so, what are these changes?
                                                                                                                                                                                                       Since you/your family member participated in the ACT Study, how has anything about the food available in your home changed?   Since you/your family member participated in the ACT Study, how has anything about mealtime in your home changed?   

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data Analysis
-------------

Verbatim transcripts from the audio-recorded in-depth interviews and typed field notes from team debriefs after interviews were reviewed prior to analysis. Interview transcripts were coded and then analyzed to identify key themes. Analysis included both deductive hypotheses drawn from the interview guides and inductive findings that emerged from the interviews. A trained member of the study team created code books for use in coding index patient and adolescent interview transcripts with *a priori* codes drawn from the in-depth interview guides and emergent codes based on initial analysis of interview transcripts. The codebook was refined using an iterative process and then applied to all transcripts. Two independent coders trained in qualitative research methods read and coded index patient interview transcripts (KJ and TY). Codes were grouped into categories based on *a priori* and emergent themes. The study team used ATLAS.ti 7 Software to facilitate interview transcript coding and data management ([@B33]).

Disagreements in coding were discussed with the study PI (RT). The adjudication process was tracked for all transcripts. The index patient codebook underwent iterative revisions during coding to better capture data relevant to the study\'s research questions. Analytical coding reports for index patient interviews were generated and organized by theme and discussed between the study PI and the research team. One independent coder read and coded adolescent family member interview transcripts. A second study team member analyzed the coded adolescent transcripts to identify potential areas of convergence or divergence with index patient interviews. Memos were used to document the iterative process of codebook development and emergent themes.

Thematic analysis of the interviews explored the mechanisms through which the parent study may have produced *spillover* effects, including role modeling of healthy behaviors and changes to the home food environment and meal preparation. Analysis also explored the relationship of family functioning with the index patient\'s disease management and behavior change. Emergent themes were also developed through this process. The adolescent interviews were coded and analyzed to compare perspectives related to *a priori* and emergent themes with the index patients\' interviews.

Results {#s3}
=======

Twenty-six percent (41 of 159) of index patients enrolled in the ACT Study reported having children in the household ranging in age from 2 to 17 years old (mean = 10.6 years old). The number of children per household ranged from 1 to 5 (mean = 1.7). The mean age of index patients was 54 years old (range 34--75 years old). Sixteen index patients were in the CHW arm, 13 in CHW plus problem solving classes, and 12 in CHW plus Do My Part. Relationships between index patients and child or adolescent family members fell into eight relationship categories: grandmother-granddaughter, grandmother-grandson, grandfather-grandson, mother-daughter, mother-son, stepmother-stepdaughter, father-daughter, and father-son. Among those ACT Study index patients who agreed to be re-contacted for future research, there were 21 who reported living with at least one adolescent family member ages 12--17 years old. Thirteen of these index patients expressed interest in completing in-depth interviews. Ultimately, 11 index patients and 11 adolescents were consented and completed one-on-one in-depth interviews as part of this study.

These 11 ACT index patients consenting to an in-depth interview were similar in age to all ACT index patients living with child or adolescent family members; and the children and adolescents in their household were also of similar age to all children living with ACT index patients. The mean age of ACT Study index patients consenting to the sub-study was 54 years old (range 42--70 years old). Adolescents who participated in this sub-study were between the ages 12--17 years old (mean = 14.3 years old).

Consistent with *a priori* hypotheses, index patients and adolescents described role modeling (Theme 1), changes in the food environment (Theme 2), and changes in meal preparation (Theme 3) as areas where index patient\'s participation in the ACT Study produced *spillover* influences on adolescent behavior. Counter to a priori hypotheses, however, physical activity and changes to family functioning were not identified by index patient or adolescent interviews as salient mechanisms for *spillover*. Two emergent themes relating to *spillover* were also identified: perceptions of caregiver influence on adolescent family members\' health behavior (Theme 4) and adolescent caretaking behaviors (Theme 5). The former (Theme 4) was frequently described in index patient interviews as related to *spillover* mechanisms, and the latter (Theme 5) emerged in the context of discussions regarding adolescents\' recognition of index patients\' health status, respectively.

Theme 1: Role Modeling
----------------------

Role modeling was very salient to index patients\' descriptions of how they thought their participation in disease management interventions produced *spillover* on adolescents\' health behaviors. Most of the role modeling discussions focused on healthy eating behaviors and not physical activity. Index patients described serving as role models to adolescents but also to other friends and family members in the area of disease management. One index patient and father describes his own dietary changes and how he used his behavior change as motivation to also improve his daughter\'s diet:

> "*And sometimes we get off the wagon, go to McDonald\'s or something like that, yeah, sometimes. But not regular. She \[adolescent family member\] loves McDonald\'s. I\'m trying to teach her eventually if you keep going, you\'re going to have high cholesterol. We try to avoid all of that fast food and if we do go, I get the wrap...I see they got the grilled chicken and stuff like that, and that\'s about it." 66 years-old father of daughter*

This disease management role modeling also seems to provide another avenue for educating adolescents about chronic disease. Some index patients describe getting support from their adolescents to engage in disease management related behaviors. These index patients articulate a sense that engaging their adolescents in this process could help them avoid similar health challenges as adults:

> "*It\'s just m\[e\] and my daughter are the only two with high blood pressure, so he \[adolescent\] \[is\] on her about \[taking\] her meds, and I\'m on her about \[taking\] her meds. And they talk to me, you take your medicine, you know, this that and the third. But we basically, you know, we concerned about each other health issues. So, we stick together with the health thing...."*−*50 years-old grandmother of grandson*

Thus, index patients made connections between being in the ACT study and influencing health behaviors within their families. They identified ways in which they served as a role model to encourage *spillover* of positive health behavior changes they made in response to participation in the disease management interventions that were part of the ACT study. Yet they also saw their condition as a warning of sorts to adolescent family members and hoped that they could encourage adolescents to make healthy choices so as to prevent or delay onset of illnesses, such as hypertension.

Theme 2: Changes to the Home Food Environment
---------------------------------------------

Changing the home food environment is often discussed by index patients. Strategies for changing the home food environment described by index patients include avoiding certain foods, changing the environment around mealtimes, and making healthier choices when purchasing meals and snacks for consumption at home. One index patient and stepmother describes judiciously avoiding meats that she knows can negatively affect cardiovascular health:

> "*... But now, you know, I\'m more in tuned to my health. I take my vitamins, you know. I exercise, you know. I watch what I eat. I don\'t eat no beef. I don\'t eat no pork. It\'s strictly like chicken, turkey and seafood, you know..."*−*46 years-old stepmother of stepdaughter*

Another index patient and grandmother specifically describes efforts to change the dynamics in the household around mealtimes and how these have helped her to stick to eating foods that she knows are healthy but that she may find less palatable than the unhealthy foods that adversely affect her blood pressure control:

> "*...Everybody ate at a separate time, you know, everybody ate at their own time. And now that I\'m retired and I\'m home, uh, we were finding less time to eat together too, but then, uh, when I joined the ACT study, we just, we just sat down and ate together you know. We\'d just sit down and eat together. Um, and, um, that way, um it\'s very distracting, as I said, from what you\'re eating, especially if it doesn\'t have the taste that you\'re used to. So, uh, we find it beneficial for both reasons, health reasons and then, uh, you know, just to sit down and have conversation or whatever."*−*72-years-old grandmother of granddaughter*

Another index patient discussed the way that his increased awareness of health vs. unhealthy foods affects food purchases during shopping trips with his son:

> "*He \[IFM\] goes to the market with me sometimes. Well, the majority of the times, he \[adolescent family member\] did go to the market with me, because I need him to carry the bags. But he goes. He\'s getting better because he doesn\'t grab junk like he used to. He might grab chips and he might grab---he doesn\'t grab junk like he used to. He\'ll probably grab some Twizzlers and that\'s it, and some chips. He grabs granola bars now, and he\'s drinking a lot of water, so he\'s better with that. So, I just really---I noticed it but it didn\'t really dawn on me. But he\'s getting better with grocery shopping."*−*44 years-old father of son*

As these examples demonstrate, some index patients discussed removing certain items from the home entirely or limiting purchases of certain foods, and others changed the environment around meal times in an effort to improve dietary behaviors of their whole household, thus facilitating *spillover*. Respondents describe these approaches as directed toward improving their own health but also as a means of creating a home environment that fosters healthier eating behaviors among their adolescents and other family members in the household.

Theme 3: Changes in Meal Preparation
------------------------------------

Given the varied responsibilities of adolescents in the household, the issue of meal preparation was frequently discussed. Index patients describe different approaches to addressing needs for healthier meal preparation techniques for themselves as a means of supporting blood pressure control. Some families adopted a policy of making two separate meals, and others modified meal preparation techniques for the entire household. In several cases, adolescents were actively involved in cooking and meal preparation. As a result, they also learned about and implemented healthier meal preparation methods based on input from index patients:

> "*They cut down on the, uh, the fried food. Most of the stuff we grill or bake. So, you know, it calls attention to what they eat too...*.

> "*But she, she \[adolescent\] does a lot of cooking, uh, for me. So, when she cooks, I come down and keep her company. While she cook, she may ask me, you know, so if I put this in there, will it do this, or will it do that? And you know, and I have to tell her, you know, the best, and know how, um, what\'s right, and what\'s not right, what\'s good for me, and what\'s not. But she, she eats, uh, a lot of the times what I eat too*."−*72 years-old grandmother of granddaughter*

As this example illustrates, through their involvement in cooking for index patients, adolescents gain insight into healthier cooking techniques, which has the potential of producing *spillover* effects on adolescents\' dietary behaviors, particularly when they eat the same foods that they cook for index patients.

Emergent Themes
---------------

### Theme 4: Varying Perception of Caregiver Influence on Adolescent Family Members

While there were many examples from index patient interviews describing their efforts to produce *spillover* effects of their behavior changes on adolescents, index patients expressed varying levels of confidence about their ability to influence adolescents. Index patients\' attitudes about the extent to which their behavior changes influenced adolescents may have affected parental engagement and the likelihood of giving advice. As such, index patients expressed a wide range of opinions about their ability to influence adolescents\' health behaviors. Some index patients were intentional about changing adolescents\' behaviors and felt they exerted a lot of influence while others were tentative about changing adolescents\' behaviors and skeptical of their ability to influence adolescents because they believe they would be ineffective.

In general index patients fell into three categories along a continuum with respect to parental influence: (1) strong influence (i.e., index patients describe intentional efforts to influence adolescents\' health behaviors because they felt they were highly influential in adolescents\' health behavior decisions), (2) moderate influence (i.e., index patients did not intentionally influence adolescents\' health behaviors but did observe changes in adolescents\' behaviors that they associated with their own behavior change), and (3) limited influence (i.e., index patients explicitly described that they were ineffectual in influencing adolescents\' health behaviors and were unaware if their own health behavior changes had any influence on adolescents). Yet, we found relatively consistent references in adolescent interviews to the fact that adolescents paid attention to what index patients were doing and saying about health behaviors. And, in many cases, we found that the actions and recommendations of index patients influenced adolescents to either make changes, or contemplate health behavior change.

Table [2](#T2){ref-type="table"} presents the index patients\' perception of their influence on adolescents\' behaviors juxtaposed with exemplar quotes from adolescents, thus representing perspectives from both members of the dyad. These examples are used to demonstrate observed variation in the extent to which index patients perceive that adolescents internalized messages about health behavior change. Because of the contrast between index patient and adolescent perspectives for this emergent theme, Table [2](#T2){ref-type="table"} includes paired quotes from index patient and adolescent interviews.

###### 

Exemplar quotes: parental influence and teen behavior change.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Parental sense of influence**   **Parent exemplar quote**                                                                                                                                                                                                                                                                                                                                                           **Corresponding adolescent family member quote**
  --------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Strong                            "I mean, I take my other kids, too, so they\'ll know also, but I mostly tell him \[teen\], you go, you get certain things. I also let him know what I\'m looking for, he\'ll read the label, and everything on the box. If it doesn\'t say what I want, he doesn\'t bring it back to me, cause he knows that\'s not what I want" −43-years-old female (mother)                      **I:** Who do you look for, or who do you look to for examples on how to be healthy?\
                                                                                                                                                                                                                                                                                                                                                                                                                        **F:** My father and my mother .... Like sometimes she\'ll \[index participant\] say I need to stop eating a lot of junk food and stuff, and like I can\'t have junk food every day, and I need to--even though I\'m gaining weight, I need to stop doing that.−12-years-old male (son)

  Moderate                          "... she \[adolescent family member\] watch what I eat. She know that I don\'t eat no beef, or no pork...She know I don\'t do the salt at all. So she, she pays attention. I may not think she paying attention, but she is. She is."−46-years-old female (stepmother)                                                                                                              Because the way how she \[index participant\] eat is so healthy, like she eat weird healthy food, like, uh, asparagus and stuff like that. I\'m like I wonder how that taste. Like she be, she make sure we eat a lot of healthy food, and make sure we drink a lot of water..."−16-years-old female (stepdaughter)

  Limited                           "so, in terms of \[adolescent family member\], he can fry it up. He can fry anything he want to fry. I tried to get him away from frying, but he he\'s got to fry his food. Got to fry those potatoes, and for chicken nuggets, I try to get him to put them in a pan, stick them in the oven, and heat them up that way, but he won\'t do it."---66-years-old male (grandfather)   He \[index participant\] likes to like enforce us eating healthier foods. Like he always tells me---us to eat healthy and say I should always eat fruit. He thinks I don\'t eat fruit but I do.... I just---like, he buys a lot of bananas and stuff. Like I like oranges and stuff like that, so like when he always buys bananas---like I\'ll eat a banana, but like not regularly. But like he\'ll say I don\'t eat any fruits or whatever because I don\'t eat the bananas..."−15-years-old male (grandson)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Theme 5: Adolescent Caretaking of the Parent

In addition to describing the ways in which their own attempts at health behavior change influenced adolescents; some index patients described adolescents as being in a caretaking role. Some index patients felt that this caretaking role was another way that disease management programs produced *spillover* effects on adolescents because they were familiar with the health behaviors that were required to manage high blood pressure and prevent adverse health outcomes related to hypertension (Table [3](#T3){ref-type="table"}). While not specific to healthy dietary or physical activity behaviors, one index patient described her grandson\'s knowledge about the importance of medication adherence and blood pressure monitoring and his caretaking role in reminding her of the importance of these:

> "*First thing he \[adolescent\] will ask is did you take your medicine granny? I\'m like yeah. I took my medicine. You take your pressure today. Yeah, I took my pressure. Was it normal? Was it high? Oh, it was okay. Then you know, he\'ll go get the blood pressure cuff. Then he\'ll turn it on. Then he\'ll read it. Oh, that was good. It\'s like such and such points lower than what it was yesterday. Now, you know, this is better than what this reading was all week, you know. He\'s a good boy and, you know, he\'s concerned about everybody\'s health, yeah, very much."*−*50-years-old grandmother of grandson*

###### 

Exemplar quotes: adolescent caretaking behaviors.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  "And when I set her down and explain to her '\[adolescent family member\],\' I said, 'I\'m sick.' 'No, daddy, you\'ve got to do things. That\'s what\'s wrong. If I do everything, you\'ll just lay down and don\'t do nothing.' Like hey, I\'m going to make you work. I said, 'No, you do your part and Daddy going to do his part."'---66-years-old male (father)
  *"\[Other child in household\] always concerned about my health, always concerned. How you feel? Um, you need some water. Um, um, you take your needle shot (laughter). I\'m like yeah \[other child in household\]. Yes \[other child\]. Yes \[other child\]. You know, he, very concerned, and when I was going to the Saturday meetings, he was like you coming back. I\'m yeah, I\'m coming back, you know. And, 'cause he was just so worried that I was going to go in the hospital, you know. So it, it really helped. And he see how I eat now, you know. And I be telling him boy, I\'m getting ready to, getting ready to put you on that diet with me. Sure is, 'cause he is, he done out grew all his clothes, new clothes that we just bought him he can\'t fit at all. I\'m like yeah, you, getting ready to do some exercises and all that with me. And he be like okay (laughter). He, that\'s my boy. That\'s, he like my right hand man. I take him everywhere."−46-years-old female (stepmother)*
  "That\'s the main time when I see him \[adolescent family member\], when he needs something. But as far as that, he really doesn\'t bother me because he knows my condition, because he knows I\'m probably upstairs, with oxygen. And he doesn\'t really bother because I\'m on a lot of medication and stuff. So if he needs something, he comes upstairs, or if he wants something. But as far as that, he\'ll come to say hi."---*44-years-old (father)*
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Implicit in many descriptions of adolescent caretaking behaviors is this notion that involvement in the ACT study not only made index patients more aware of the need to improve their health behaviors but it provided an avenue by which adolescent family members had a better understanding of the types of behaviors that would help keep their family members healthy and they wanted to be involved in supporting disease management.

Additional Findings
-------------------

Two hypothesized *spillover* mechanisms were not corroborated by index patient or adolescent interviews: changes in physical activity, and changes in family functioning due to study participation. Family functioning in particular was not the primary focus areas of most disease management interventions included in the ACT study. Yet, while the issue of family functioning associated with the parental role was discussed explicitly by some, there were also implicit references to family challenges as a source of stress. And some index patients made a clear connection between family stress, blood pressure control, and health behaviors. As one father put it:

> "*I\'m stubborn, I\'ve got to the point now I hollers a lot at her \[adolescent\]. Instead of talking to her, I\'ll holler and---because it seems that when I tell her to do something, she don\'t even do it. And then before I knew it... I\'ll be done blowed up and then that\'s run the pressure up a lot. And then I have to count to 10. And say hey, it\'s a child you\'re talking to, count to 10."*−*66-years-old father of daughter*

This recognition that role stress can affect blood pressure may suggest that there is untapped potential for family-engaged disease management interventions. Such interventions may provide support to index patients and family members to address role stress and family dynamics that produce physiologic and behavioral responses to stress that are counterproductive to achieving blood pressure control and maintaining healthy diet and physical activity behaviors. While interesting and provocative, however, this sentiment was not articulated as clearly as the themes described above.

Discussion {#s4}
==========

We found that index patients see themselves as important role models of behavior change for adolescent family members. We also found support from index patients\' reported perceptions that their participation in a disease management intervention may produce *spillover* effects on adolescents\' dietary behaviors, particularly via role modeling, changes in the home food environment, and meal preparation. These changes were perceived to be associated with increasing knowledge and awareness of healthy eating behaviors among adolescents in addition to improving index patients\' own awareness of healthy foods and meal preparation techniques. In contrast, we did not find evidence to suggest significant spillover effects on adolescents\' physical activity behaviors. While, there were a few interviews in which physical activity was briefly discussed, in general much more of the discussion focused on dietary behaviors. While it is possible that this difference in spillover for dietary vs. physical activity behaviors reflects a difference in the extent to which these behaviors are susceptible to intergenerational spillover, more likely these differences reflect the fact that the ACT study placed significant emphasis on promoting dietary behavior change as a method for improving blood pressure control (e.g., via intervention messages intended to decrease index patients\' consumption of sodium and fried foods).

Because this study relied entirely on data from interviews with index patients and adolescents, we are unable to corroborate index patients\' and adolescents\' perceptions with objective data related to adolescents\' health. Ideally future research would measure adolescents\' perceptions of spillover alongside use of objective measures to assess their health behaviors and their objective health status including anthropometric measurements, assessment of weight status, and potentially evaluation of blood pressure and other clinical indicators, such as blood glucose and cholesterol levels.

Beyond these hypothesized mechanisms for adult disease management program participation producing *spillover* effects on the behaviors of adolescent family members, many index patients described an explicit effort to encourage adolescents to adopt healthier lifestyle behaviors. We also found that, despite variation in index patients\' perceptions of their influence over adolescents, most adolescents recalled the advice related to diet behaviors that index patients passed onto them after participating in disease management programs. Thus, this study provides evidence to suggest that adolescents are internalizing the new knowledge and behavior changes of their adult family members acquired via disease management program participation. Furthermore, some adolescents employ new skills and disease management techniques to support disease management and minimize negative health outcomes for their adult family members by taking on an active caretaking role, reminding index patients of what they should do to support their own health.

Findings from this research suggest that disease management interventions addressing health behaviors among high-risk populations have untapped potential to produce family-level influences on adolescent health behavior change. This research also suggests a need for more focus on ways to increase family engagement in disease management programs. We argue, in particular, that such family-engaged or family level intervention strategies could increase the influence of disease management interventions over the life course in addressing CVD disparities. It could also be important for reducing childhood obesity and long-term CVD risk among high-risk children and adolescents living with adults family members with chronic disease who may be particularly motivated to prevent intergenerational transfer of CVD risk via health behavior change.

For example, work by Grandes and colleagues suggests that the presence of comorbid conditions associated with obesity can affect adult patients\' readiness for behavior change ([@B34]). Rhee and colleagues have also found the same regarding parents\' receptiveness to addressing obesity in their child ([@B35]). Thus, developing family-level disease management programs and increasing family engagement in existing programs targeting high-risk populations may be particularly important as a strategy for engaging adults living with child family members because they are motivated to change their own behavior when they are confident they can also influence health behavior change in other family members, particularly children and adolescents.

This research is exploratory and, while it suggests avenues for further inquiry, these findings are hypothesis generating and should not be viewed as exhaustive in terms of the mechanisms by which *spillover* may operate in the context of disease management programs. Furthermore, given the qualitative methodology of this study, the findings cannot be used to generalize to a broader population of families. Because we did not collect objective measures of health behaviors or clinical indicators, these findings merit further exploration and verification via more rigorous research that links self-reported perceptions of spillover with health behavior data and clinical measures for both adult patients and adolescent family members.

Additionally, there are risks that some responses were influenced by social desirability bias since index patients were educated about healthy behaviors via participation in the ACT study. Similarly, adolescent family members may have been influenced by social desirability bias. There is also a risk that interviewers who conducted in-depth interviews inadvertently gave index patients and adolescents cues regarding the types of responses they were expecting. This could further compromise the validity of the study findings. Future research should involve more in-depth use of qualitative and quantitative methods, potentially over time during implementation of a family-level intervention so as to prospectively evaluate both perceptions of spillover and objective measures of health behavior change and clinical outcomes. Such a study is important for better understanding the timing of adolescents\' perceived health behavior changes and the relationship between the changes and the family-level disease management intervention. Ideally such research would also corroborate reports of behavior change using clinical indicators to track changes in weight status and diet composition. Future research should also involve larger patient and family populations and pay special attention to evaluating the factors and circumstances that are associated with both the presence and the absence of spillover effects among some adolescents. In particular, research to better understand the circumstances that prevent spillover effects on adolescents would be important to understand in more detail as understanding conditions that prevent effective spillover effects could inform future intervention development efforts.

Despite these caveats, we believe these findings are intriguing and warrant further, rigorous investigation and that they provide evidence to support the hypothesis that adult disease management interventions may produce *spillover* effects on adolescent family members. Future research should not only rigorously evaluate *spillover* effects of existing disease management programs on child family members, but it should also involve development, testing, and implementation of family-focused disease management programs that explicitly target adult chronic disease management and primordial or primary prevention via health behavior change among child family members. While potential for social desirability bias is important to consider, Our findings were generally consistent with existing literature about parental influence on adolescents. Future interventions could bolster parental confidence in their influence on their adolescent family members and help empower parents to exert role modeling and influence their child\'s behavior.
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